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ABSTRACT 
Ngo River in Gboko, Benue State, Nigeria which serves as a source of water for domestic and 
agricultural purposes for the agrarian community receives effluent from Dangote Cement factory. 
Physicochemical analysis of the effluent outfall and water samples collected along 15 km of the 
river stretch were carried out in dry and wet seasons respectively. The results obtained were 
compared to FEPA, WHO and NESREA Standards. For effluent outfall, Temperature, TDS, pH, EC, 
BOD, COD, sulphate and chloride, total hardness, calcium and magnesium, were found to be within 
the FEPA standards, while TSS, turbidity, and nitrate, were above the standards. Along 15 km study 
reach, mean temperature range of 32.4oC to 29.0oC, a TSS of 224 mg/l to 218 mg/l, a turbidity of 
45 NTU to 42 NTU, and DO of 1.6 mg/l to 1.2 mg/l were obtain during the dry season, while mean 
temperature range of 36.8oC to 36.6oC, a TSS of 255 mg/l to 252 mg/l, turbidity of 176 NTU to 168 
NTU, and DO 2.8 mg/l to 2. 6 mg/l were obtained during the wet seasons. These results were above 
WHO and NESREA temperature (25oC drinking water), TSS (30 mg/l domestic and 100 mg/l 
agriculture) water use, 5 NTU turbidity, and 5mg/l to 7.5mg/l DO standards. The effluent is 
relatively treated and effects such as aquatic depletion in the environment, decreased soil pore size 
and decreased permeability in the use of the water for irrigation, and water related diseases are 
not ruled out. 
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1. INTRODUCTION 
The industries, including the cement production 
sector in Nigeria are playing vital roles in the 
economic development of the nation. However, the 
by-products in form of effluent and gaseous waste 
from the industries are also increasing as production 
output increases. It was pointed out in [1] that 
industrial effluent consists of toxic and poisonous 
mixtures of dissolved solids and suspended solids in 
varying proportions. These unpleasant and 
dangerous substances consisting of inorganic and 
organic components [2, 3] are discharged into the 
environment, including rivers and streams. The direct 
discharge of industrial effluent into open water bodies 
in an arbitrary manner without prior assessment of 
the effect on human, aquatic animals and plants lives, 
is a growing environmental problem in our modern 
society, especially Nigeria.  
The major pollutant from cement industries is 
particulates produced in the rotary kiln, and from 
crushing and grinding, blending, moving material to 
silos and packaging. Cleaning kiln inner surface to 
remove piled emission, generates effluents that are 
composed of waste heat, dissolved solids (potassium 
and sodium hydroxide, chlorides and sulphate), 
suspended solids (calcium carbonate) and processed 
water. These effluents which are discharged into 
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water bodies, have great possibility of deteriorating 
the water bodies [4].   
The water bodies in which these effluents are 
discharged serve most times as sources of water for 
domestic, agricultural and industrial purposes. 
Hence, the assessment of the water quality of these 
water bodies are very important since the water 
demand for these purposes consequently have a 
close relationship with water availability and 
economic development of a nation [5, 6].  
Furthermore, the use of water is sometimes 
restrained by its poor quality which makes it 
unhealthy for a particular use [7]. Successful 
management of water resources in Nigeria, and 
control of water based and water borne diseases 
require quality assessment of the water bodies. In 
view of this, [8] assessed the impact of effluent from 
Obajana Cement factory discharged into Onyi River 
in Kogi State, and reported the river as being slightly 
polluted. In 2008, [9] study on heavy metals in 
sediment of some inland waters adjacent to Benue 
Cement company, reported  that the surface waters 
appears to have suffered adverse impact from the 
cement company and therefore not suitable for 
human consumption. A similar study by [10] on 
physicochemical characteristics of Ngo River around 
Dangote cement complex found the values of  
Temperature, pH, Total Dissolved solids (TDS), 
Nitrate (NO3-), Calcium (Ca+), Phosphate (P), 
Chemical Oxygen Demand (COD), Zinc (Zn), 
Cadmium (Cd), iron (Fe), lead (pb), chromium (Cr), 
and Nickel (Ni) to be in excess of WHO and National 
Agency for Food and Drugs Administration Control 
standards. 
This Ngo River in Tsekucha, Mbayion, Gboko local 
government area, Benue State (see Figure 1), is 
situated in the north of Benue State between 
latitudes 70 08' and 70 31'N of the equator and 
longitudes 8037' and 90 10'E of the Greenwich 
Meridian [10]. The river; a source of domestic and 
agriculture water for the surrounding community still 
receives effluent from Dangote cement factory. The 
effluent outfall and mixing point is shown in Plate 1. 
Considering the use of this water body there is a need 
to assess the effect of the effluent outfall on water 
quality of the river after a decade of [10] findings. 
This study therefore assessed the effects of the 
effluent on Ngo river water quality. 
 
2. MATERIALS AND METHOD 
2.1 Water Sampling and Analysis 
The sampling points were located based on 
accessibility to site observation. Global Positioning 
System (GPS) was used to determine the locations 
and elevations of the effluent outfall mixing point and 
six (6) selected sampling locations along 15km of the 
river reach. The sampling locations were designated 
as 1, 2, 3, 4, 5 and 6, respectively. The geographical 
coordinates and the elevations of selected locations, 
determined by hand held Garmin GPS60 are shown in 
Table 1 and Figure 2. Three sampling points of 5 m 
apart were marked out at each of the six (6) sampling 





Figure 1: The Ngo River Catchment and its location 
 
 Plate 1: Effluent outfall and mixing point along Ngo 
River 
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Table 1: Coordinates and Elevation of Sampling Points (GPS) 
Sampling 
Point 
GPS Coordinate Point Elevation 
Remarks 




07o24’45” 08o58’17” 145 
The sampling point was at 1km from the head water 
boundary, within the first reach of the river segment. 
The bed slope was 0.00085.  
1 07o24’49” 08o58’15” 141 
Ngo River upstream before effluent discharge point,  0 
km on the headwater boundary at river bed slope of 
0.00075  
2 07o24’56” 08o58’09” 138 
Ngo River downstream after effluent discharge point; at 
4 km from the head water boundary of the study 
segment. The river bed slope was 0.00050 
3 07o25’15” 08o58’09” 136 
Ngo River downstream (before Ishudugh Village); 
located at 8 Km along the river shoreline, the bed slope 
was 0.0083 
4 07o27’57” 09o01’10” 111 
Ngo River downstream; (at Ishudugh Village) about 11 
km along the river shoreline. The bed slope was 0.0066  
5 07o30’23” 09o02’36” 91 
Ngo River downstream (before Kpe Ngo) located at 13 
km from the head water boundary of the river. The river 
bed slope was 0.007 
6 07o33’38” 09o03’00” 84 
Ngo River downstream (at Kpe Ngo) located at Km 15 
from the head water boundary of the river. River bed 
slope was 0.007 
 
 
Figure 2: Map of Ngo River Catchment Area and 
Sampling Points 
 
 Grab samples were obtained from the effluent outfall 
and the marked eighteen (18) sampling points for a 
period of 15 days in December, 2017 and July, 2018 
respectively, at a depth of 20 cm from the six (6) 
selected locations for water quality analysis.  Plastic 
bottles of 0.5 liter volume used to obtain the water 
samples from the 18 sampling points, were washed 
with the river water prior to fetching the samples. The 
bottle flange was kept away from contact to prevent 
contamination of grab samples. Water quality 
parameters namely temperature, total dissolved 
solids, pH, electrical conductivity (EC), and dissolved 
oxygen (DO) were measured in-situ using Hanna 
model of digital thermometer, pH meter, TDS meter 
and JPB607 digital DO meter respectively. While grab 
samples; for analysis of total suspended solids (TSS), 
turbidity, biochemical oxygen demand (BOD), total 
phosphate (TP), nitrate, chemical oxygen demand, 
sulphate (SO42-) and chloride (CL-) total hardness, 
calcium and magnesium, were kept in 4oC ice 
chamber and transported to Benue State Water 
Board laboratory, Makurdi. The analysis were carried 
out using standard procedures of [11]. An average of 
the three (3) sampled results from each designated 
locations were taken and compared with [12, 13, and 
14] standards, to ascertain the effect of the effluent 
along the 15 km study reach of the river.  
 
3. RESULTS AND DISCUSSION 
3.1 Physicochemical Characteristics of 
Effluent 
The result of physicochemical analysis of effluent 
outfall presented in Table 2, showed pH, 
temperature, TDS, BOD, COD, SO42-, CL-. Ca2+, 
magnesium and total hardness to be within [15] 
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standards, while TSS, turbidity, DO, nitrate, for both 
seasons were observed to exceed the permissible 
limit of [15]. Hence, the effluent is relatively treated. 
The obtained result compared to [8] was observed to 
be better treated. However, there is a need to 
address the high TSS, turbidity and low DO, as effects 
such as reduction of sunlight penetration which 
invariably affect food supplies and growth of aquatic 
organisms [16], the acceleration of high number of 
foreign micro biota [17] with its resultant effect on 
DO, and other negative environmental health impact 
might be experienced in Ngo river.   
 
3.2 Physicochemical characteristics of Ngo 
River  
Water quality is evaluated relative to the requirement 
for its intended use, and Ngo River serves both 
domestic and agricultural purposes for the agrarian 
community. In assessing the effect of the effluent 
outfall on water quality across the 15km of the river 
study reach, the physicochemical analysis results of 
location 1(upstream before the effluent out) and 
location 2 (downstream; after the effluent out) were 
compared to [12, 14] standards and subjected to a t- 
test analyses at probability levels of 0.01 and 0.05. 
The result showed a significant difference at both 
probability levels of 0.01 and 0.05. This confirms that 
the changes observed at the downstream are as a 
result of the effluent outfall from Dangote cement 
factory.  The physicochemical analysis results from 
location 2 to location 6 showed  mean range of pH 
(8.4 to  7.8), EC (98µs/cm to 88 µs/cm), TDS (98 
mg/l to 88 mg/l), BOD (0.8 mg/l to 0.6 mg/l), nitrate 
(21.8 mg/l to 18.0 mg/l), COD (1.6 mg/l to 1.3 mg/l), 
sulphate (62 mg/l to 56 mg/l) chloride (70 mg/l to 
35.5 mg/l) and calcium (60 mg/l to 40 mg/l) for dry 
season, to be within [12 and 14] standards of pH  (6.5 
to 8.5), TDS (< 600 mg/l), BOD ( 6.0 mg/l), nitrate 
(50 mg/l), COD (30 mg/l), sulphate (500 mg/l), 
chloride (350 mg/l) and calcium (180 mg/l).  The wet 
season results showed similar decreasing trend along 
the 15 km study reach though the results were higher 
compared to the dry season, suggesting input from 
runoff. Temperature mean range of 32.4oC to 29.0oC 
and 36.8oC to 36.6oC for both seasons were above 
25oC standards for drinking water.  TSS mean range 
of 224 mg/l to 218 mg/l and 255 mg/l to 252 mg/l for 
both seasons, were above (30 mg/l) domestic and 
(100 mg/l) agriculture recommended standards. 
Hence, the possibility of aquatic depletion in the 
environment, decreased soil pore size and decreased 
permeability in the use of the water for irrigation, 
may not be ruled out.  Turbidity mean range of 45 
NTU to 42 NTU (dry season) and 176 NTU to 168 NTU 
(wet season), observed along the river stretch may 
also affect the fishery and water supply use of the 
Ngo River as it was above the 5 NTU recommended 
standards.  The obtained results were also observed 
to be better than [10] study on the river a decade 
ago. Further, a good water body has DO of more than 
5mg/l to 7.5mg/l [12 and 14], however the results of 
the analysis showed the river DO of 1.6 mg/l to 1.2 
mg/l and 2.8 mg/l to 2. 6 mg/l for both season, will 
affect the growth of aquatic plants and other 
organisms, and other uses of the river.    
The water quality of Ngo River was observed to have 
varied with the sampling periods and locations along 
the river stretch. Results of some of the 
physicochemical analysis are represented graphically 
in Figure 2 – 9. The observed seasonal variation 
agreed with [8] study on Onyi River. The variation 
observed in wet season can be attributed to the non-
point sources of pollution from runoff that washed 
pollutant from the adjacent land within the catchment 
area into the river channel.  
 
Figure 3: Variation in temperature (0C) 
 
Figure 4: Variation in pH 
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33.5 37.5 24 - 34 
<40 within 15 
meter of 
outfall 
20 - 35 
Both rivers are 
within 
standards 
EC (µs/cm) 100 128   1000 
Within 
standards 
TDS (mg/l)  256 245 40 - 620 2000 1200 
Within 
standards 
TSS (mg/l) 225 260 20 - 1590 30 100 
Above 
standards 
DO (mg/l) 1.4 2.5 3.9 – 9.7 7.5  
Below 
standards 
BOD (mg/l) 0.9 1.8 3.1 – 12.2 30  50 
Within 
standards 
TP 0.57 0.76     
Nitrate (mg/l) 22.0 25.8 68 - 395 20  
Slightly above 
standards 
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Figure 5: Variation in EC (s/cm). 
 
Figure 6: Variation in TDS (mg/l). 
 
Figure 7: Variation in TSS (mg/l). 
 
Figure 8: Variation in DO (mg/l). 
 
Figure 9: Variation in Turbidity (NTU) 
 
4. CONCLUSION 
Water of suitable quantity and quality is a prerequisite 
for significant socioeconomic development of any 
community. Physicochemical analysis of effluent 
outfall in Ngo River was assessed to ascertain its effect 
on the water quality of the River. The result obtained 
for dry and wet seasons showed most parameters to 
be within [12, 14, 15] regulatory units, except DO, 
TSS, Nitrate, Turbidity which were above regulatory 
standards.  This suggests relative treatment of the 
effluent, though is better compared to similar effluent 
discharged into Onyi River. The effect of the effluent 
along the 15 km stretch was better compared to 
similar study conducted a decade ago. However, there 
is need to reduce the TSS and turbidity to avoid the 
adverse effect it may have on the aquatic plants and 
organisms, the fishery and agricultural use capacity of 
the river. Hence, treatment of the effluent prior to 
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